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Summary 
 
Antibodies are generally used as reagents to detect specific targets, but they require 
an additional system for detection. This thesis presents methods for preparation of 
fluorogenic peptide aptamer-based bio-sensing probes, which can detect the target with 
specificity as well as transduce the signal at the same time. The fluorogenic peptide 
aptamers were prepared by using in vitro selection methods. To introduce the fluorogenic 
properties into the peptide aptamer, fluorophores like 7-nitrobenzofurazan (NBD) and 
4-N,N-dimethylamino-1, 8-naphthalimide (DMN) which can change the fluorescence 
depending on the environment were employed. 
 
Chapter 1 introduces the concept of in vitro selection, the development of various 
selection methods and their applications. Particularly, selection of peptide aptamers with 
desired properties using ribosome display and cDNA display methods was explained in 
details. Also, the applications of in vitro selected peptide aptamers are discussed. 
 
Chapter 2 describes development of αs-casein-sensor using ribosome display 
method. The currently available αs-casein-sensors are based on techniques like 
immunochromatography, ELISA, SPR and so on. However, these techniques require 
time or expensive instruments. Therefore, fluorogenic peptide aptamer which can 
instantaneously detect αs-casein was developed here. To prepare fluorogenic aptamers, 
NBD-coupled amino acid was introduced into the random sequence library of peptides 
during translation step for ribosome display and affinity selection was repeatedly 
performed. As a result, two fluorogenic peptide aptamers, Cas1 and Cas2, were selected. 
Both aptamers instantaneously enhanced their fluorescence in the presence of αs-casein. 
Modification at the N-terminus of Cas1 with polyethylene glycol (PEG-cas1) enhanced 
the specificity. The detection limit of PEG-cas1 was found to be ~1 ppm, which is 
comparable with that of commercially available immunochromatography kits for 
αs-casein. Notably, PEG-cas1 can detect αs-casein in an exceptionally short time (i.e., 
※1 
※2 
20–25 s) when compared with the available immunochromatography kits, which require 
approximately 15 min. The prompt fluorescence enhancement of PEG-cas1 in the 
presence of αs-casein can be observed even by our naked eyes, suggesting that 
PEG-cas1 detection system can be easily used by users even in non-laboratory 
environment. Thus, PEG-cas1 is a promising, portable, easy-to-use and rapid αs-casein 
detection system that circumvents time-consuming analysis steps. 
 
Chapter 3 describes the preparation of DMN-conjugated peptide aptamer against a 
cancer tumor marker, heat shock protein 90α (Hsp90α), using a cDNA display method. 
Hsp90α is secreted from cancer cells into the extracellular matrix and promotes their 
proliferation. Therefore, the probe which can detect Hsp90α could be useful in the 
prognosis or diagnosis of cancer. Here three peptide candidates were selected and their 
fluorogenic properties were studied. One of the peptides exhibited fluorescence 
enhancement and specificity towards Hsp90α in the solution. Further the peptide was 
applied on T98G cells, in which Hsp90α was up-regulated by heat treatment. The heat 
treated T98G cells exhibited higher fluorescence. The fluorescence was quantified using 
an image-based cell cytometer. Thus, the fluorogenic peptide probe had sufficient 
property to quantify Hsp90α and potentiality to be used for tumor diagnosis by detection 
of Hsp90α in blood. 
 
Chapter 4 describes the future of in vitro selection methods and peptide aptamers to 
serve as an excellent replacement of antibodies. To enhance the sensitivity of the 
fluorogenic probes, some methodologies, including direct selection based on 
fluorogenic property instead of affinity selection and utilization of artificial intelligence 
through machine learning to efficiently select the peptide sequences by repeated 
performance, are discussed. 
